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The present application claims the benefit of priority under 35 U.S.C. § 119 
from the provisional patent application, U.S. Patent Application Serial No. 60/187,317, filed 
on March 6, 2000, which is hereby incorporated by reference as if set forth in full in this 
document. 
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BACKGROUND OF THE INVENTION 

Universal serial buses (USBs) can be used to connect a wide variety of 
peripheral devices, such as mice, modems, keyboards, and printers, to an electronic device, 
15 such as a personal computer. The use of universal serial buses has become quite widespread. 
For example, most personal computers now offer a universal serial bus port as one of the 
standard output options. Possibly, the universal serial bus port could one day completely 
replace serial and parallel ports. 

20 A USB environment generally includes three parts, namely, a USB host 

controller which is integrated as part of a computing device, a USB device, and a USB cable 
which is used to connect the USB device to the USB host controller. More specifically, the 
USB host controller includes a USB port which receives the USB cable thereby allowing the 
USB device to communicate with the USB host controller. 

25 

Typically, testing of USB centers around the information exchanged between 
the USB host controller and the USB device. Usually, testing of the communication between 
the USB device and the USB host controller is done only during the design phase of the 
computing device containing the USB host controller. For example, USB protocol analyzers, 
30 such as a CATC protocol analyzer or a Quality Logic protocol analyzer, are designed for use 
by designers to verify a USB design. The designers use the protocol analyzers to primarily 
test the operation of a USB device and to display the data that is exchanged between the USB 
host controller and the USB device. Some protocol analyzers can also collect a multitude of 
information, such as voltage levels, speed of operation, and timing signals, from the 



computing device. Once the information is collected, it is up to the designer to decipher the 
accuracy and meaning of such information. 

In a typical test environment, the computing device, for example, a computer 
5 which contains a USB host controller to he tested is connected to an external USB device, 
such as a printer, via a USB port and a USB cable. The protocol analyzer is then inserted in 
between the USB host controller and the USB device by using a first USB cable to connect 
the USB host controller to the protocol analyzer and using a second USB cable to connect the 
protocol analyzer to the USB device. Basically, these analyzers detect and then capture 
1 0 signals that are sent by the USB host controller via the USB port and USB cable to the USB 
device, such as a printer. The results of these signals are then interpreted and used by the 
designer to make any necessary alterations to the design of the USB device and/or USB host 
controller. 

1 5 Protocol analyzers when used as a testing device have a number of 

shortcomings. For example, the information generated by protocol analyzers requires 
considerable skills to decipher. Moreover, protocol analyzers are generally very cumbersome 
and bulky. Additionally, they are not economical or feasible for the general public or 
individual consumer to own. Thus, a person outside of the design environment will generally 

20 not have access to a testing device to determine if a USB host controller, a USB cable, and/or 
a USB port are working properly. Protocol analyzers are not designed for users to test if 
these features are not working; but rather, for a designer to use in the development of a USB- 
supported device. 

25 Furthermore, a typical scenario in which a user of a computing device needs to 

troubleshoot the USB is when a USB device is plugged in and yet not detected by the 
computing device. The problem may lie with the USB device, the USB cable, the USB port 
or the USB host controller. Under this type of configuration, troubleshooting of problems 
usually focuses on excluding failure sources without dismantling all the components of the 

30 USB environment. 

Hence, it would be desirable to provide a testing device which is capable of 
testing a USB host controller and USB port within a computing device in a swift and efficient 
manner. 
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SUMMARY OF THE INVENTION 

The present invention generally relates to the field of testing computing 
devices. More specifically, the present invention relates to a system and method for testing a 
5 universal serial bus ("USB") within a computing device. 



A system and method for testing a computing device is provided by virtue of 
the present invention. In an exemplary embodiment, the system includes a test device and a 
test control module. The test device is connected to a USB port on the computing device. 

1 0 The test control module resides on the computing device and interacts with the test device to 
test the USB port. Once connected, the test device is used to monitor signals on the USB port 
exchanged between the test device and the USB port. Examples of signals that are monitored 
are the voltage levels, frame timing, and data signals and their voltages. The test device then 
communicates the monitored information to the test control module for analysis. The test 

1 5 control module is further capable of causing a second set of tests to be performed including a 
bulk transfer test, an isochronous transfer test, an interrupt transfer test, a full-speed device 
detect test and a low-speed device detect test. The results of these tests are then 
communicated to the user. 



20 In another exemplary embodiment, the test device includes a USB port which 

is capable of receiving a USB cable. One end of the USB cable is connected to the test 
device while the other end of the USB cable is connected to the USB port. Using this 
arrangement, the USB cable which is used to connect the test device and the USB port can be 
tested. 

25 

Accordingly, in one embodiment, the present invention provides a system for 
testing a universal serial bus port of a computing device, including: a test control module 
residing on the computing device, and a test device coupled to the universal serial bus port, 
wherein the test control module communicates with the test device in order to perform a 
30 series of tests on the universal serial bus host controller, the universal serial bus port and the 
universal serial bus cable. 
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Furthermore, in another embodiment, the present invention provides a method 
for testing a universal serial bus port of a computing device using a test device and a test 
control module, comprising: connecting said test device to said universal serial bus port using 
a universal serial bus cable, initializing said test device, causing said test device to provide 
5 information for a series of tests in response to instructions received from said test control 
module, communicating said information to said test control module, and causing said test 
control module to analyze said information to determine whether said universal serial bus 
port and cable are functioning properly. 

10 A further understanding of the nature and advantages of the present invention 

herein may be realized by reference to the remaining portions of the specification and the 
attached drawings. Reference to the remaining portions of the specification, including the 
drawings and claims, will realize other features and advantages of the present invention. 
Further features and advantages of the present invention, as well as the structure and 

1 5 operation of various embodiments of the present invention, are described in detail below with 
respect to the accompanying drawings. In the drawings, like reference numbers indicate 
identical or functionally similar elements. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a simplified block diagram illustrating an exemplary embodiment of 
the present invention; and 

Fig. 2 is a flow diagram illustrating the testing process in accordance with one 
embodiment of the present invention. 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 



The present invention will now be described. Fig. 1 shows a universal serial 
bus (USB) testing system 10 that is used to test a USB port 16 of a computing device, such as 
a computer 14. It should be understood that testing the USB port 16 is meant to include 
30 testing a USB host controller 24. The USB host controller 24 is generally integrated as part 
of the computing device and communicates with the outside world via the USB port 16. In 
this exemplary embodiment, as shown in Fig. 1, the test system 10 includes a test device 12 
and a test control module 18. 
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The test control module 18 is, preferably, implemented using software. 
Generally, the test control module 18 resides on the computer 14. The test control module 18 
controls the testing process and interacts with the test device 12 and the USB host controller 
24 to determine whether the USB port 16 and the USB host controller 24 are functioning 
properly. The testing process and the interaction between the test device 12 and the test 
control module 18 will be described in further detail below. 

The test device 12 further includes a device controller 20 and a test response 
module 22. The device controller 20 is responsible for performing standardized USB 
functions including, for example, handling the exchange of USB signals between the USB 
port 16 and the test device 12 and monitoring the accuracy of the USB signals. In one 
embodiment, the test device 12 is implemented using two discrete IC chips, namely, a USB 
controller which handles the exchange of USB signals and acts as the device controller 20 
and a microcontroller which acts as the test response module 22. In an alternative 
embodiment, the two discrete IC chips may be combined into a single chip which is capable 
performing the same functions. It should be understood that a person with ordinary skill in 
the art will know of other ways to implement the functionality of the test device 12 using one 
or more IC chips. 

Furthermore, the test device 12 optionally includes a number of external 
signals (not shown), such as LEDs, which are used to indicate the results of the test. A 
person of ordinary skill in the art will know of ways and methods to implement such external 
signals. 

In another exemplary embodiment, the test device 12 includes a port which is 
capable of receiving a USB cable. The purpose of having this port on the test device 12 will 
be explained below. 

In an exemplary embodiment, the test response module 22 is implemented 
using software or firmware. As will be described in further detail below in connection with 
the testing process, the test response module 22 responds to the test control module 18 and 
provides certain requested information from the device controller 20 to the test control 



module 18. Based on the requested information, the test control module 18 determines 
whether the USB port 16 is functioning properly. 

The computer 14 includes the USB port 16. However, it should be understood 
5 that the computer 14 can contain any number of ports. In a specific embodiment, each port 
has four USB standard wires including: a differential data signal pair marked D+ and D-, and 
a +5 volt power wire, and a ground wire. 

A single test device 12 can be used to test one USB port 16 of the computer 14 
10 at a time, or multiple test devices can be placed in multiple or all USB ports at the same time. 
Additionally, ports of a USB hub can be tested by attaching the hub to the computer 14 and 
attaching the test device 12 to the ports of the hub. As shown in Fig. 1, during operation, the 
test device 12 is directly connected to the computer 14 through the USB port 16. 

15 During operation, the test control module 1 8 residing on the computer 14 

initiates the testing process by sending signals to the test device 12 connected to the USB port 
16. The test device 12 via the test response module 22 responds to the test control module 
18. More specifically, the test response module 22 collects certain diagnostic information 
from the device controller 20 and forwards such information back to the test control module 

20 18. The test control module 1 8 then accordingly analyzes the received information and 
determines whether the USB port 16 is functioning properly. Preferably, the results of the 
determination are relayed to the test response module 22 which, in turn, activates the 
appropriate external signals. The testing process and the interaction between the test control 
module 1 8 and the test response module 22 will be more fully described below. 

25 

Fig. 2 is a flow diagram illustrating the testing process in accordance with one 
embodiment of the present invention. According to this exemplary embodiment, at SI, a user 
connects the test device 12 to the USB port 16 of the computer 14. 

30 Once connected, at S2, the test device 12 performs a self-test on the voltage 

level(s) of the USB port 16 to ensure that the USB port 16 is operational. More specifically, 
the test response module 22 checks the voltage level(s) of the USB port 16 to determine if 
they are within USB specification. For example, the test response module 22 can check if the 
power wire voltage level of the USB port 16 is +5 volts, which is the proper voltage 
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according to current USB specification. Also, a minimum, maximum, or range of values can 
be checked. For example, the range between a +4.4 volt minimum and a +5.25 volt 
maximum can be deemed proper. The specific acceptable values are defined by the USB 
specification. 

5 

The test response module 22 then conveys the results of the check to the user. 
For example, once the voltage level(s) is determined to be adequate, the appropriate external 
signal on the test device 12 is caused to illuminate to indicate that the voltage level(s) of the 
USB port 16 is adequate. 

10 

Alternatively, voltage from the USB port 16 can be used directly to illuminate 
a signal light on the test device 12. If the signal light fails to illuminate, then it is an 
indication that the voltage level provided by the USB port 16 is not acceptable. 

15 It should be understood that while the voltage level test is described herein as 

self-initiated by the test response module 22 after the test device 12 is plugged into the USB 
port 16, this test can be alternatively initiated by the test control module 18. 

At S3, the user via the test control module 18 starts a series of tests to check 
20 the USB port 16. At S4, if needed, the test control module 18 enables the test device 12 and 
the USB host controller 24 and the USB port 16. The USB host controller 24 and the USB 
port 16 may need to be enabled because not all operating systems include support for the 
USB protocol. Any operating system that does not support the USB protocol requires the use 
of special software, which is included as part of the test control module 18, to enable the USB 
25 host controller 24. An example where the test control module 18 does not need to enable the 
USB host controller 24 and the USB port 16 is when an operating system already contains the 
proper bus drivers which support the USB protocol, such as in a Windows 98 environment. 
An example of an operating system where a USB protocol may not be supported is DOS. In 
enabling the USB host controller 24 and the USB port 16, the test control module 18 
30 generally installs certain drivers to enable the USB host controller 24 and the USB port 1 6. 

At S5, the USB host controller 24 detects whether the test device 12 is present 
for communication. The way the USB host controller 24 accomplishes this task is commonly 
understood under the USB specification. If the test device 12 is not detected by the USB host 
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controller 24, the USB host controller 24 accordingly informs the test control module 18 
which, in turn, informs the user that the test device 12 is absent. Testing of the USB host 
controller 24 and the USB port 16 is then halted. 



5 When the test device 12 is detected by the USB host controller 24, the USB 

host controller 24 informs the test control module 18 of the presence of the test device 12. 
The test control module 1 8 then performs a full-speed device detect test to verify whether the 
test device 12 is a full-speed device in accordance with the USB specification. Ways to 
conduct the full-speed device detect test are commonly understood under the USB 

10 specification. 

At S6, the test device 12 is configured according to the USB protocol. This 
configuration step is performed because the USB protocol allows a USB-enabled device to 
assume one of many configurations. In configuring the test device 12, the operating system 
1 5 or test control module 1 8 (hereinafter "host") sends a query packet to the test device 1 2 

asking what configurations are available on the test device 12. If the test control module 18 
is unable to receive the configuration information from the test device 12, then the test 
control module 15 informs the user and accordingly halts the testing process. 

20 Otherwise, in response to the query packet, the test device 12 sends a response 

packet containing the available configurations to the host. The available configurations are 
then displayed to the user for selection if necessary. The host then selects the desired 
configuration. Upon selecting a particular configuration, the appropriate device drivers for 
use with the selected configuration are then loaded by the host. The host also informs the test 

25 device 12 which configuration has been selected. The test device 12 is then accordingly 
configured. The user is then signaled when the configuration is complete. In a specific 
embodiment, a configuration complete light on the test device 12 can be lit or can change to a 
different color from the existing color. Additionally, a ringing sound or message can be used. 

30 After configuration, at S7, the USB frame timing is monitored. More 

specifically, the USB frame timing between the test device 12 and the test control module 18 
is monitored by the test response module 22. The USB frame timing is a measure of the 
amount of time between two successive frame starts. For example, a standard may be the 
USB specification of 1.000 milliseconds per frame, with an accuracy of better than ±500 
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nanoseconds. The test device 12 measures the length of a frame by monitoring the amount of 
time between two successive frame starts. The average, minimum, and maximum frame 
times are also measured. These measurements are made by the test response module 22. The 
frame timing measurements are then stored in the test device 12, more specifically, in the test 
5 response module 22. For example, it can be measured that frame timings are 0.996, 1 .004 
and 1 .000 in successive frames. Thus, the minimum value stored would be 0.996, the 
maximum 1.004, and the average 1.000. 

At S8, the test device 12 also monitors the quality of the bus signal and power 

10 voltages. More specifically, the monitoring is performed by the test response module 22. 
Information on the quality of the bus signal and power voltages is monitored to ensure that 
the data transmitted over the USB port 16 are correctly represented. For example, bus 
signaling for a high signal may need to exceed a certain threshold voltage level and a low 
signal may need to stay below another threshold voltage level. Also, the power wire may 

15 need to provide at least a specific level of voltage. The specific voltage levels may differ, 

based on the version of the USB specification. For USB v.l . 1, the nominal voltage levels are 
+3.3 V for a high and 0V for a low on the USB D+ and D- differential data wires, and +5V 
for the power wire. The USB v. 1 . 1 specification also allows for a variance from these levels 
to a minimum of +2.0V and a maximum of +3.6 V for a high and a minimum of 0V and a 

20 maximum of +0.8 V for a low on the D+ and D- signal lines, and a minimum of +4.4V and a 
maximum of +5. 25V on the power wire. In addition, the differential between the D+ and D- 
lines must be at most 200mV. The differential voltage is calculated by subtracting the 
measured D- from D+ and comparing the results thus calculated for when the bus is signaling 
a bus logic 0 or a bus logic 1. Note that USB uses NRZI encoding for data transmission, thus 

25 a logic 0 and logic 1 on the bus do not necessarily mean that the data bit that is transmitted is 
a 0 or 1 respectively. 

Information relating to the average, minimum, and maximum levels of the bus 
signal and power voltages are then stored in the test device 12. Preferably, three values for 
30 the power voltages and three values for the bus signal are stored. These values will then be 
analyzed by the test control module 18 as will be described below. 

At S9, the test control module 1 8 communicates with the test response module 
22 to request the test results and statistics from the prior steps. In this step, the test control 
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module 18 reads the test results from a results buffer of the test response module 22. In a 
typical implementation, a USB "pipe" which can be read using standard USB commands is 
used, and the result of the read is a data structure that contains the test results. 



5 At S 1 0, the test response module 22 receives the request and then responds 

with the requested test results and statistics in a binary structure. The response structure 
containing the test results and measured statistics is then received by the test control module 
18 for analysis. Failure conditions are detected if a measured value returned in the response 
structure is out of acceptable tolerances. The acceptable tolerances are set forth under the 
1 0 USB specification. For example, a frame timing may be too slow or too fast, or a certain 
voltage level may be too high or too low. The user, via the test control module 1 8, may 
further adjust the acceptable tolerances to be more stringent than those set by the USB 
specification. 

15 At S 1 1 , the test control module 1 8 causes a bulk transfer test to be performed. 

The purpose of the bulk transfer test is to verify that data is sent and received without errors. 
Bulk transfers are checked for errors. Any transmission errors or errors in the content of data 
packets that are sent are then detected. An example of a bulk transfer is transfer of data from 
a floppy drive to a USB-enabled device where premium is placed on the accuracy of the 

20 transferred data and timing of the transfer is of less importance. 

More specifically, the bulk transfer test is performed by the test control 
module 18 by sending data to the test device 12. This data is initially placed in a buffer by 
the test device 12. The buffered data is then read by the test control module 1 8 using bulk 

25 data transfers from the test device 12 to the test control module 18. After the test control 

module 18 receives the data from the test device 12, the test control module 18 compares the 
received data to the data that it previously sent. If the two sets of data match, the error- 
corrected USB transfer was successful. This test may be repeated with various data, with 
varying lengths of different sequences of numbers that are selected specifically to create 

30 worst-case electric noise and transfer scenarios for the USB host controller 24 and the USB 
cable. The USB specification v. 1.1 defines four data payload sizes that can be used for bulk 
transfers: 8, 16, 32 and 64 bytes. Future USB specifications may add other bulk transfer 
sizes. 
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Bulk data transfers are error-checked by the test device 12 and the USB host 
controller 24 in cooperation with the test response module 22 and the test control module 18 
respectively. Bulk transfers will be retried automatically if the data payload is determined to 
be in error. For example, an error condition is the repeated failure of a bulk data transmission 
5 beyond a reasonable limit established by the user via the test control module 18; another error 
condition is a data error that was not detected by the USB host controller 24. 

At SI 2, the test control module 18 further causes an isochronous transfer test 
to be performed. The purpose of the test is to ensure that high volume constant-rate data is 

1 0 transmitted properly and accurately over the USB port 1 6. More specifically, the isochronous 
transfer test is conducted by performing continuous transfers to and from the test device 12. 
The isochronous transfer test first allocates an isochronous transfer bandwidth allocation 
from the USB host controller 24. By allocating bandwidth for this isochronous transfer, the 
test device 12 is guaranteed the requested amount of USB bus bandwidth as part of each USB 

15 frame. Then, the test device 12 begins sending a maximum amount of isochronous data in 
an attempt to determine whether the USB host controller 24 properly handles a device that 
uses up the entire slice of USB frame time given to it. Data is sent using the maximum 
isochronous data payload size, which is 1023 bytes. The test is repeated in both directions, 
with both the test control module 18 transmitting data to the test device 12, and with the test 

20 device 12 transmitting data to the test control module 18. 

The success of the isochronous transfers is then verified by the test control 
module 18 and test response module 22 respectively. The test control module 18 and the test 
response module 22 verify that the isochronous transfer has occurred at the correct time and 
25 that such transfer is completed. Isochronous transfers are expected to be performed by the 
USB host controller 24 after all non-isochronous data that is to be sent in a USB frame has 
been processed, or when only enough time remains in the current USB frame to send the 
allocated amount of isochronous data. Both the test control module 18 and the test response 
module 22 verify if isochronous transfers are made at the appropriate time. 

30 

It should be noted that isochronous transfers are not error-corrected and 
incorrect data transmission is not considered an error condition. Error conditions, for 
example, include a failure to begin the isochronous transfer with sufficient time for such 
transfer to complete before a USB frame ends, or a failure of the USB host controller 24 to 
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send or receive all data in the isochronous data packet. This test may be repeated at various 
isochronous transfer data payload sizes. Payload size is allowed to range from 1 to 1023 
bytes according to the USB 1.1 specification. 

5 At SI 2, the test control module 1 8 causes an interrupt transfer test to be 

performed. The purpose of the test is to verify that interrupt transfers are completed at proper 
intervals. Interrupt transfer is a mechanism by which the USB host controller 24 can be 
directed to perform infrequent transmissions of low-volume data with a guaranteed interval 
between transmissions. Interrupt transfers are used to transmit 1, 2, 4, 8, 16, 32 or 64 bytes of 

1 0 data at a time. Such transfers are suited for applications such as USB keyboards, where the 
USB keyboard needs to be polled frequently for new keys that may have been pressed or 
released. The USB specification allows a USB device to define the frequency at which a 
USB interrupt transfer is initiated by the USB host controller 24. The initiation of this 
interrupt transfer is maintained by either the USB host controller 24 or the USB device driver, 

15 or a combination of both. 

To test the interrupt transfer initiation feature of the USB host controller 24, 
the test control module 18 requests varying intervals for the initiation of the interrupt 
transfers, and the test device 12 monitors and reports the interval at which the interrupt 
20 transfers are sent. If the value that is requested from the USB device driver or the USB host 
controller 24 does not match the frame interval that is observed by the test device 12, then an 
error has occurred. This check can either be hardware or O/S-dependent, depending on the 
operating system and the hardware configuration. The USB specification v. 1.1 allows the 
interval between two interrupt transfers to be 1 to 255 milliseconds. 

25 

During the interrupt transfer test, the test control module 18 first sends a 
message to the test response module 22 instructing it how much interrupt payload data it 
should send to the USB host controller 24 when it receives an interrupt transfer frame. This 
payload data size can be 1, 2, 4, 8, 16, 32 or 64 bytes, according to USB specification v. 1.1, 
30 and other values may be available in other USB specifications. Then, the test control module 
18 instructs the USB host controller 24 to start interrupt transfers at specific intervals. The 
test response module 22 responds to these interrupt transfers by sending a response that uses 
the selected data payload size. The data that is sent in the data payload contains a sequence 
number that is maintained by the test response module 22. Based on the received interrupt 
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data payloads, the test control module 18 then verifies that all interrupt transfers were 
completed at proper intervals in the proper sequence. Possible error conditions are failure to 
receive interrupt transfer data, missing interrupt transfer data, incorrect sequence for interrupt 
transfer data, incorrect interval between interrupt transfers and corrupted interrupt transfer 
data. 

At SI 4, the test control module 18 causes a low -speed device detect test to be 
performed. The purpose of the test is to ensure that a low-speed device can be detected over 
the USB port 16. USB devices can either operate at full speed, 12 megabits per second, or 
low speed, around 1-1.5 megabits per second. However, it is contemplated that USB devices 
can also operate at speeds other than full and low. The full and low speed detect test is 
accomplished by including a programmable resistor in the test device 12 that can be 
programmed to be a pull-up on either the D+ or D- signal wire. For a low speed test, the 
programmable resistor is changed from a pull-up resistor on the D+ signal wire to a pull-up 
on the D- signal wire. The test control module 18 then determines if the test device 12 
appears to the USB host controller 24 as a low-speed device. Possible error conditions 
include failure of the USB host controller 24 to detect the signaling for a low-speed device. 
In the future, there may be additional modes that can be tested. 

At SI 5, once all the tests have been performed in accordance with the prior 
steps, the test control module 18 reviews all the test results and statistics and then determines 
whether all the tests have been passed. If so, the testing is complete and a user is informed 
that the USB port 16 is functioning properly. In a specific embodiment, a "no errors" light 
can be lit to provide visual indication that the USB port 16 is functioning properly. 
Optionally, a bell may sound or a message may be sent to the user. 

At SI 6, if errors are detected , the errors are reported to the user. In a specific 
embodiment, errors can be sent in a file, displayed on a screen, or an error-detected light may 
be illuminated. Additionally, a statistical analysis of all tests done may be outputted to the 
user regardless of whether there were errors or not. 

In another exemplary embodiment, as described above, the test device 12 
includes a port capable of receiving a USB cable. In an alternative testing configuration, the 
test device 12 is used to test a USB cable. The test device 12 is connected via the port to a 
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previously determined working USB cable which, in turn, is connected to the USB port 16. 
The USB port 16 is then tested using the series of tests as described above. Once it is 
confirmed that the USB port 16 is functioning properly, the previously determined working 
USB cable is replaced with a USB cable which is to be tested. The test control module 18 
5 then initiates the series of tests as described above. If any of the tests fails, then it is an 
indication that the tested USB cable is not functioning properly. 

The above description is illustrative and not restrictive. Many variations of 
the invention will become apparent to those of skill in the art upon review of this disclosure. 
1 0 The scope of the invention should, therefore, be determined not with reference to the above 
description but instead should be determined with reference to the appended claims along 
with their scope of equivalents. 
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